The kinetics of the solid-state isothermal transition of bromovalerylurea polymorphic forms (I, II and III) at high temperature were investigated by means of differential scanning calorimetry. Kinetic analysis according to the method of Hancock and Sharp indicated that the transition of form I to form II follows the one-dimensional diffusion mechanism. The activation energy for this transition calculated from the Arrhenius plots was 826.2 kJ/mol. On the other hand, it was found that the transition of form III to form I conforms with the mechanism of random nucleation and two-dimensional growth of nuclei (Avrami-Erofeev equation). This activation energy was estimated to be 185.2 kJ/mol. It was concluded that the mechanism and the value of activation energy were both different between the two kinds of isothermal transitions of bromovalerylurea polymorphic forms.
In the previous papers,2-4) we investigated the kinetics and mechanisms of the isothermal transition of polymorphic forms in the solid state. It was confirmed that the kinetics and mechanisms of the isothermal transition were different among drugs and among polymorphic forms of the same drug.
Watanabe5) reported that bromovalerylurea had two polymorphic forms (forms I and II). Furthermore, Kiwada et al.6) found a new polymorphic form (form III) of bromovalerylurea, and reported that form II was the most stable and form III was the most unstable at higher temperature.
This paper is concerned with the kinetics of the isothermal transition of bromovalerylurea polymorphic forms (forms I, II and III) in the solid state at high temperature, based on differential scanning calorimetry. 7, 8) Experimental
Materials
Bromovalerylurea was a commercial product (Lot No. 2761EN) of JPX grade (Nihon Shinyaku Co., Ltd.). All other chemicals were reagent-grade commercial products.
Preparation of Polymorphic Forms 1) Form I: Form I was prepared by the method of Watanabe5) as follows. Bromovalerylurea (5 g) was dissolved in 200 ml of methanol at 64-65•Ž and recrystallized at room temperature. The resulting crystals were collected by filtration and dried at 30•Ž in a vacuum.
2) Form II: Form II was obtained by heating form I at about 130 •Ž for 1 h under a flow of dried nitrogen gas.
3) Form III: Form III was obtained by a modification of the method of Kiwada et al.6) as follows. Form I (10 g) was dissolved in 40 ml of methanol at 64-65•Ž and maintained in a freezer at-20•Ž for about 1 week. The resulting crystals were collected by filtration and dried at 30 •Ž in a vacuum.
Forms I, II and III thus obtained were passed through a 200 or 300 mesh sieve. All crystalline forms were stored at 4 •Ž in a desiccator and then used for experiments.
Identification Form I gave a characteristic thermogram with two endothermic peaks; one at 130 •Ž corresponded to the solid-state transition of form I to form II, and the other at 152•Ž was attributed to fusion accompanied with decomposition of form II (Fig. 1a) . Form II showed only one endothermic peak at 152 •Ž due to fusion accompanied with decomposition (Fig. 1 b) . Form III exhibited a small endothermic peak at 111•Ž, attributable to transition of form III to form I, and sharp endo-and exothermic peaks at about 144-148•Ž corresponding to fusion of form I and recrystallization to form II, with a large endothermic peak at 153•Ž due to fusion accompanied with decomposition of form II (Fig. 1c) . In this case, the X-ray powder diffraction pattern of form I obtained by recrystallization from methanol was identical with that of form I obtained on transition of form III by heating. The polymorphic transformation pathway of the metastable form III during heating was III without direct transition of form III to form II.
None of the polymorphic forms showed any decrease in weight until the melting point during heating. Activation Energy for Isothermal Transitions The activation energy for the isothermal transition of form I to form II was calculated to be 826.2 kJ/mol from the slope of the Arrhenius plots, as shown in Fig. 11 . This value appeared to be very high. This high activation energy may be related to the energy required to unpack the crystal structure, which is very rigid. More research is needed to explain the high value of this activation energy.
On the other hand, the activation energy for the isothermal transition of form III to form I was calculated to be 185.2 kJ/mol in the same manner as described above (Fig. 11) . The activation energy for the isothermal transition of form I to form II was thus about 4 times higher than that of form III to form I. It was concluded that the mechanism and the value of activation energy were both different between the two kinds of isothermal transitions of bromovalerylurea polymorphic forms. 
